














































































































































































































































































































































































































































































































































































































































Table B.21 Subroutine EULER 

subroutine euler(vecout, vecin,angs) 
c Returns the rotation matrix applied to vector for the Euler angles 
c supplied. 
c Translated vector is added to whatever is already in vecout. 
c Written by Liam Healy, December 6, 1985. 

c----Variables----
c vecin, vecout = vector supplied and returned 

double precision vecin(3),vecout(3) 
c matrix= matrix 

double precision matrix(3,3) 
c angs = Euler angles 

double precision angs(3) 
c cph, sph, cth, sth, cps, sps cosine and sine of the angles 

double p~ecision cph,sph,cth,sth,cps,sps 
c i,j = indeces in R3 

integer i,j 

c----Routine----
c Define trig quantities 

cph=cos(angs(l)) 
sph=sin(angs(l)) 
cth=cos(angs(Z)) 
sth=sin(angs(Z)) 
cps=cos(angs(3)) 
sps=sin(angs(3)) 

c Set matrix values 
matrix(l,l)=cph*cth*cps-sph*sps 
matrix(Z,l)=sph*cth*cps+cph*sps 
matrix(3,l)=-sth*cps 
matrix(l,2)=-cph*cth*sps-sph*cps 
matrix(Z,2)=-sph*cth*sps+cph*cps 
matrix(3,2)=sth*sps 
matrix(l,3)=cph*sth 
matrix(2,3)=sph*sth 
matrix(3, 3 ) =cth 
do 100 j=l ,3 
do 100 i=l ,3 

100 vecout(i)=vecout(i)+matrix(i,j)*vecin(j) 
return 
end 
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Table B.22 Subroutine INVEUC 
subrouti c Finds t ne inveuc(out,in) 

c specif• he inverse element of the element of the Euclidean group 
c Writt led by in (translation vector+ Euler angles). 

en by Liam Healy, December 9, 1985. 
c----v 
c ariables----

Out, in= 
c Grou returned parameters, incoming parameters. 

P is p 3 l l d arameterized by 3 translation vectors + Eu er ang es. 
c i = ~udble precision out(6),in(6) 

n ex in R3 
integer i 

c .... _ ..... n 
-"-0Utine---­

out(4)==-in(6) 
out(5)=-in(5) 
out(6)==-in(4) 

120 do 120 i==l,3 
out(i)==O 

C l • 
d~ t euler(out, in,out(4)) 

100 oo i==l,3 
out(i)==-out(i) 

return 
end 
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C 

Table B.23 Subroutine KICKER 

subroutine kicker(parms,kick) 

parms = list of parameters 
double precision parms(*) 

c b = field strength, len = length of dipole 
c rho= bend radius 
c theta= bend angle 
c hv = horizontal (0) or vertical (1) flag 

double precision b,len,rho,theta,hv,hpfprm(3),frgprm( 2) 
integer kick,kck,nokick,opt 

include 'libr: glparm . inc ' 
include 'nature' 
external hpfl,nfrng,arot,drift 

c----Routine---­
opt=2 
len=parms(l) 
b=parms(2) 
if (b.eq.0.) then 

call mapelt(drift,parms,kick) 
if (kick.eq.-1) goto 300 

else 
hv=parms(3) 
rho=brho/b 
theta=asin(len/rho) 
nokick=0 
kck=max(l ,kick) 
if (nint(hv).ge.l) then 

call mapelt(arot,PI/2,kck) 
kck=0 

endif 
frgprm(l)=rho 
frgprm(2)=1 
call mapelt(nfrng,frgprm,kck) 
if (kck.eq.-1) goto 300 
if (nint(hv).ge.l) then 

call ccmap(opt) 
if (opt.eq.0) goto 300 

endif 
hpfprm(l)=rho 
hpfprm(2)=theta 
hpfprm(3)=1 kick) 
call mapelt(hpfl,hpfprm,no 
if (nokick.eq.-1) goto 300 
call ccmap(opt) 
if (opt.eq.0) goto 300 
frgprm(2)=-l kick) 
call mapelt(nfrng,frgprm,~

0 

if (nokick.eq.-1) goto 3o 
call ccmap(opt) 
if (opt.eq.0) goto 300 
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if (nint(hv) .ge.l ) t hen 
call mapelt(arot,-PI/ 2,nokick) 
if (nokick.eq.-1) go t o 300 
call ccmap (opt ) 

endif 
if (kick.eq.O ) cal l pt rdrp (O) 

endif 
return 

300 continue 
i f (kick .eq .O) cal l ptrdr p(O) 
kick=-1 
return 
end 
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~Ppendix C: The Symbolic Computation Code ANNALIE 

In this Appendix I h 11 s a briefly describe and give examples for 
ANNALIE (A 
t ~lytical ~ Algebraic computations for charged particle beam 
rans port) 

'a code written in the language SMP to do some of the 
com 

Putations 
t of MARYLIE described above analytically. I will assume 
hat th 

e reader i f s amiliar with the SMP language (Inference Corp. 
[1983]) 

' or can figure it out with examples and an explanation. 
Portions of 

this package were used to verify the concatenation formulae 
Of Ch apter 4 , and to compute the maps in Chapters 9 and 10. 

The Package of routines called GENL (Table C.1) contains a number 
Of 

general Purpose routines and initialization routines. The function 
8 et-

Up creates the canonical variables, parameters such as the dimension 
Of 

Phase 8 Pace, and quantities such as the matrix J (1.7). The function 
I 

nde:,c• 
computes the index number for an array of exponents, and 'expon' 

does the 
, reverse (see Appendix D). The other important functions are 

Jcform• 
Which transforms a polynomial by a matrix by the transformation 

tu1 e, and , 
matify' which turns a polynomial into a matrix according to 

the tule 
(l .99). The package SETUP (Table C.2) involves the appropriate 

.1.nit:t. 
al:1.zauon and defintion. 

MAAYtrE, through working numerically is, in effect, doing symbolic 

comPutat:1. 
0 ns. Storing each polynomial coefficient as a separate element 

Of an 
array, for instance, it performs a, Possion bracket on these 

Po1 
Ynom:1.a1s l t by multiplying and adding the appropriate array e emen s. 

G:f.ven 
a symbolic manipulation program such as SMP, one has a broader 

tang e of chi For example, a polynomial 
0 ces in representing the maps. 

can b 
e Stored as i 1 number and coefficient the way it 

an array by monom a 
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is stored in MARYLIE , 

(C.l) 

ic2s • c29, • • • ] , 

or as a symboli c polynomial , 

(c.2) 

lrlh ere the inde c x numbers r 
oeffi a ea particular way of storing the polynomial 

cients (th 
the G e illustration here is the storage scheme of MARYLIE, 

on For this 
iorgelli reas 

0rd
ering, Appendix Dor Dragt et. al. [1985]). 

, there 

r 

are many r ti f h i 
•Pre ou nes or t e representat on and conversion of 

(Tabt of polynomials. These are contained in the package POLYS 
sentation 

e C.3). 

A. compani 
funcu on to POLYS is CREATE (Table c.4), which has several 

ons f ll!ak or making polynomials. 
"ill polynomial from a list of indices and 'mkind' which 

Chief among these are 'npol' which 

es a symbolic 

ll!ake 
a lia

t 
of indices based on some quality such as 'mps' for 

l!am· Y or conserve' for time-independence of the lllid Plane 

J.ltoni 

symmetr ' 

an . 
Finally, 'pick' randomlY picks monomials from a list to 

form 
a Pol via 'ranpoly.' '1n ynomial 

is 1 s so 

lrlhe re the 
fully general polynomial m•Y be too l arge for SMP to handle• 

that relations may 

be tested on sample small polynomials, 

fu packages PB and LIE (Tables c.5 and c.6) contain the major 
l'he t WO 

llCti ons 
f of ANNALIE They implement the definitions of Chapter I. The 

Ullcti • (1 

4 

computes the Poisson bracket axiomatically, bY the rules 

That is, computation proceeds by using linearity and the 
on 'pb' 

• 3 1 - .46). 
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derivati on rule t b 0 reak up 1 
a po ynomial, until only fundamental Poisson 

brackets (those b 
space variables) remain. 

Once the 

fun etween phase 

damental 

be 

Poisson b rackets have been calculated ' 
the final answer may 

const ructed. 

The fu nctions th 
•Per at remain in the package PB are devoted to the Lie 

ators turn ' or the adjoint of the Poisson bracket. 

8 

a The function 'colon' 

polynomi 1 
con a into a Lie operator ( see section le), 'concat' 

catenates e, (composes) then and 'liepow' and 'lieplus' allow their 

Ponenti ' ation and addition. 

Th e useful 'all ness of these Lie 

ow' i n the th package LIE. 

operators is extended by the function 

lt any mathematical function with a Taylor series and alter 

This function is a general purpose routine 

at Will take 

so that when it i 
Taylor s applied to a Lie operator, it is replaced by its 

' series with 
con addition replaced with 'lieplus,' multiplication by 

In particular, when applied 

Cat' , and exponentiation by 'liepow'• 

to 'E Xp I ' the SMP tra exponentiation 
function, it forms the Lie 

In practice th• Taylor series is truncated at 
nsfo rmati on (1 54) 

So • • 
Illes uitable 

point, specified by th• user as an argument to 'allow,' 

There 
to are other functions of ,\!INALill not included here, primarily 

lllake it Part compatible on input and output with M,IRYLill• Much of what is 

Of MA l"U,.RYLIE 
the • however, is not present in ,\!INALIE, In particular, 

re is 11,\J\yLlE no
th

ing that is associated with purely numerical aspects of 

' for 
example, the element librar}' or computations of tunes, 

ANNALIE h 
as proved quite useful as an aid to the implementation of 

the math ematics 
coul in this dissertation into MA]<YLIE, There is much that 

d be 
done to extend this usefulness, t,ut from a practical standpoint 
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it would be limited by the capacity of most computers that SMP runs on, 

and the bugs in SMP. These considerations have restricted the 

usefulness of ANNALIE as it is. 

-JOB-



I 

~ 

Table C.1 Package GENL 

(~ ote: the pr nts as = in these listings.) 
continuation symbol i ' ' 

I****** ******** I* Utility ****************/ 

s Sub list Ubl [$Us extraction */ 
t,$range] .. I* ·· Cat[Ar[ $range ,$list]] 

Sub e~pr Stitute 1 <l<:Li•••ion •ta ist of values for a list of variables in an 

Sl( St0 
$expr $ $va1s ;ovbls_=onedeep[$vbls] 

- nedeep [$ , -A [ vals I & P [Len [$vbls ]=Len [$vals] II :: _ 
sav [ p S,Prep[$expr,Ldist[Rep[$vbls,$vals]]]] 

e $f 1 rest un . . ( $ 
0

<e[$fu~j ,-;- fun[master] :Rel[$funl; restore[$fun]) 
I** · · $fun :Rel [_$fun [master]] 

******* ****** I• General Purpose Routines •••••••••••••/ 

Create a d consta t ••t n the n s based on the number of phase space dimensions 

up[$psd =;aximum order of polynomials. */ 
- ( ~enp [$psd I ,$polymaxord #NatP [$polymaxordl l :: _ 

cl [%i,%j %sh]. -
Map[S , , -e~, 'psd, 'polymaxord, 'canvbl, 'top, ,.., 

*I = bottom, 'id, 'zmat, 'J, 'sm, 'expon ]; = 
$psd: Number of phase space dimensions 

psd:$psd· 
$poly , -= maxord: Maximum order retained in polynomials */ 
polym -
1 

axord:$polymaxord; 
fJ$psd<•6,%sh:subl[cvn, T,$psd J; -

ap[Set,%sh]; canvbl : Rel[%sh], _ 
f* Set Set[z];canvbl:Map[z, 1 •• $psd ]]; ,.,. 

property to indicate canonical variables */= 
I* Mini Map L$a [canvbl ]: 1,canvbl]; _ 

t mum, maximum indeces for each 
bop: Cat[Ar[ 1,$polymaxord 

I* Use;ttom: Cat[Ar[ 1,$polymaxord 
ul array & matrices *I 

zarr: Repl[O $psd] . -
zm t ' ' ... id~ : Repl [zarr, $psd] ; _,. 

· Ar[ $psd $psd ]· 

order *I_ 
,comb[$a+$psd,$a]-l]]; -= 
,comb[$a+$psd-l,$a-l]]]; 

/ J• A [ ' , -* Res~o r "$psd,$psd ,genJ]; _ 
re memoed" functions */ 

I• cr:estore [ 'expon]; restore [ 'mkin'd I; -
(e.g ate symbolic monomial from exponents mono.ix 2 y from 2 

0 1 0 0 0 ) and make a table of symbolic 
m als b ' ' , ' , ' d */ ased indexed by the standard in eces ..,,, 

;m[OJ :I; %j: expon[O ] : Repl[O,psd] ; - •. 
o[%i,top[$polymaxordl %J:next[%J]; sm[%i]:symmon[%J]I; 

Null) ' 
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I* T &enJ[e$rnplate to generate matrix J */ 
i, $j] /• :: P[Ceil[$i/2] • Ceil[$j/2]]•Sign[$j + -$ii 

Index Obin[$ $ computation */ 

d 
rn, i] C n ex[$j] :: :: omb[$m+psd-$i,l+psd-$i] 

(Lcl[cord,ind,ib]; ind:cord:$j [psd]; 
Do[ib,psd-1,1,-1,Inc[cord,$j[ib]];""" 
Inc[ind,obin[cord,ib]]]; ind) = 

I* Find th e

1

xponents *e/ la9t non-zero exponent (except psd) in an array of 

/• J :: (Lelli] ; i : psd ; Loop[$j [ii = 0 I i = psd,Declil.i > OJ) nzj [$. ] 

next (in the index ordering) array of exponents from 

one */ 
Get the 
this 

next[$1] 
: : (Lcl [out ,i] ; out : $1 ; outlpsdl : 0 ; i : lnzj [$1] ; If [i 

> 0 ,Decloutli]]] ; rncloutli + 1 I ,1 + $1 [psdll ; out) -

I* 
< 

The ex XMSet ponents for each index*/ 

exp [ on $ind] expon [OJ , :: : next [expon [$ind + -1 I I 
save [, · Repl [O, 'psd] 

expon] 

I* Invert sminv[$ a syrnplectic matrix */ 
rn -id I• - - s byd [$mil :: -J, Trans [$ml ,J 

Transf 
corresorm a polynomial by a map (given as an array of psd functions, 
or ponding to what each of the image of each of the varisbles), 

Xform[$a matrix. */ Xform[$p~ly,$map_•onedeep[$mapll :: &x[sl[$poly,csnvbl,$mapll 
I• P ly,$mat_=isdbyd[$matll :: xform[$poly,$mat,canvbl] 

Defini i 
ton: monomial basis element is a product of powers of 

I* the v / Make ariables, e.g. x px PY 2, • out a matrix for the transformation of monomial basis elements 

of an array of such transformations *I 

I* Turn 
6 

a second-order polynomial into a matrix 

matif [$phase space vbls) */ 
-$ Y poly] .. 

Pol . · y[B],-2*$poly[13],-$polY[14],-$PolY[15], = 

2

• -$poly [16 I,- $poly 117] • -
_ $poly[7],$poly[8 ],$poly[9],$poly[l0],$po1Ylll],$poly[12] 

$poly[lO],-$poly[15],-$polYl19l,-2•$polYl
22

l, -
-$poly [23] ' - $poly [24] ' -

!poly[9],$poly [14],
2
*$polYl18],$polYl19],$poly[20],$poly[21] 

$poly[ l2], -$poly [17], $poly[21J,-$poly[Z
4
l, --$poly [26], -2*$polY [27l , = 

$poly[ll],$poly[l6],$poly[20],$poly[23],2•$polYl25],$poly[26] 

I**** ••·••·•·· ··········••! Character Determination 

I* List / goes to exactly a depth of one * 

' -= 
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onedeep[$1J:: Contp[$1J & P[Len[Dim[$1JJ=IJ 

I* Object is a list of n-long lists that do not contain any lists */ 
lofl [$1,$n]:: (Lcl [%dim]; 

Fullp[$1,2J & P[(%dii:Dim[$1})[2]=$nJ & P[Len[%dim}=2J) 

I* Object is a psd by psd matrix, with no lists as elements */ 
isdbyd[$m) :: Fullp[$m,2J & P[Dim[$m]= psd,psd] 

I* Two terms are in the Giorgelli order, or if the same exponents, 
in lexical order */ 

sortind [$exprl_= Listp [$exprl J ,$expr2_= Listp [$expr2] l:: 
( Lcl [%0]; 
lf [(%o:Sign[ndex[exps[$expr2]J-ndex[exps[$exprlJ]])=0, 

. 0rd[$exprl,$expr2],%oJ) 
1 ssortind [$exprl ,$expr2] : : Ceil [Theta [sortind [$exprl ,$expr2] l l 



!******* 
I ****** * Na~ ** Initial Values *****************/ 

Table c.2 Package SETUP 

.. ,es of th 
C\Tn , , e canonical variables */ 

• X I I 
, PX, Y, 'py, 't, 'pt 

nte){ f P 2tay:6 I* Number of terms in exponential to take 

Create d 
I* 
lf[ Natpfb imension and maximum order for polynomials */ 

Ottom[l}},setup[6,4]} 
/'Ir 
tn Names 

apnames: to give to maps when they are read in */ 
'mt , ' f , ' mg , 'g , 1 mh , ' h , 'mk , 'k , 'ml , 1 l , mj , 'j 
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/•••••• Table C.3 Package POLYS 

**** 
sy Representation and Conversion of Polynomials••••••••••/ 

nunon [$ j l •• I• ·· Inner[Pow,canvbl,$j,Hult] 

theFor a p articul 
ar monomial, give a list consisting of the index and 

coeffi exps[$ cient */ 
co[$ mon] .. Ma [ mon,$exi· .. P Expt[$a,$mon],canvbl] 
I• ·· Coef[symmon[$ex],$monl 

Produce an or i index, coeff for a/each term in a polynomial 

n a list f ic. 'Lda list of O terms, or return a polynomial from 
ic-• ist index,coef pairs, •/ 

i _:Tier 
c.[$mon - = Ll.stp [$ l l i ( Lcl [ mon : : 
c. [$p pwrs] • -Pie [ oly_=P[$ • pwr~:exps[$mon]; ndex[pwrsJ,co[$mon,pwrsl ) 

Pi [$1_=oned po~y[OJ= Plus]] :: ic[terms[$polyll 
1.° $~=lofl [$P $II l : : $1 [2]•sm[$l [!] I 
spt:tCont ig •} • 2 II : : poly [Hap [pie, $1 I I 

$1] . . Co J• ·· ntig[sepoly[picf$111, polymaxord ,OJ 

Find th to (note te order of a term, or orders in list of terms or a polynomial 

or~~l[order=~tal order will be taken if totalorder•ll •/ 

ord $term] .. c [$p] .. M · Ap [Plus ,exps [$term]] + totslorder•Expde ,$term! 

I* •• ap[ordi,terms[$p]] 

The ordj [ order 
$term$ ]of any particular phase space variable •! 

I• 'n :: Expt[canvb1[$n],$terml 

A ord non-r 
ers ·T epeating list of the orders of the terms in a polynomial •/ 

orde -· ier rs[$p] I* : : Union [ordd$p]] 

h ls th 
0mo e pol ma &[$p] .. ynomial homogeneous? •I 

lllaXord :Ldi. P[Len[orders[$p]]=l] 
Xord[$ st 

/* p] : : Last [orders [$p]] 

Sep <er •rate t i 1 •/ 

t 

ms :Ti erms of a polynomial into a list of monom as. 

erm - er , 
te s [$p -c rms[$p-: ~ntp[$p]] :: $p If[% [~ntp[$p]] ,: (Lc1[%p]; %p:Exf$p]; -]) 
/• •P ]='Plus, Ar[Lenf%p] ,%pl, %p , %p 

Make lllon Selecat polynomial out of a list of monomials or o ter 1 -~al or list of 
mials· ms of a certain order from a po yno= 

retu' 
A 

rn a ny polynomial particular sele~tion criterion can be picked for $sel, 

_313-



preceeded by a single quote. E.g., so[l,'Le,3J picks out 
all terms less than or equal to third order. */ 

Le[$n,$mJ :: $m)=$n 
Lt [$n,$mJ : : $m)$n 
poly :Tier 
poly[$1 =Contp[$1]] :: Ap[Plus,$1] 
poly ($1-= Contp [$1J J : : $1 
poly[$p-:-$ord _= Natp[$ordJ I $ord=O] :: poly[$p,Eq,$ordJ 
<XMask 
poly [$p ,$sel =Symbp [$sell ,$ords J : : (Lcl [%tJ; %t :terms [$pJ; 

poly[Mask[Map[$sel[ordi[$aJ,$ords],%tJ,%tJJ) 

/* Create a list of polynomials by seperating a polynomial or list 
of terms according to the value of $qual for each term. 
indexed by that value. 
Default quality is order. */ 

sepoly_:Ldist 
sepoly :Tier 
sepoly[$p,$qualJ :: 

(Lcl[%quals,%t]; %t:terms[$p]; %quals:Rel[Map[$qual,%tJJ; 
Ar[ Union[%qualsJ ,poly[Mask[Map[$a=$b,%quals],%tJ]J) 

sepoly [$p] : : sepoly [$p, 'ordi] 
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Table C.4 Package CREATE 

!************* Creation of Arrays ************/ 

I* make symbolic polynomials (arrayed by order) 
for an array with indeces given in the list $inds. */ 

mkpol [$name, $inds =Contp [$inds J J : : 
spic[Transf $inds-;Ldist[$name f$inds]J ]] 

I* Pick $n elements at random from a list */ 
I* <XMask *I 
Pick[$1ist,$n] :: (Lcl[%len]; %len:Len[$list]; = 

Mask[Map[P [$n/%len)$a ] ,Ar[%len, Rand []J] ,$list ] ) 

I* Make a list of indices satisfy a given property $qual 
e.g., mkind['expon [$a,2 ]=0] yields a list of indices for which 
the there is no px term */ 

mkind[$qual] ::: Cat[Ar [ top fpolymaxord] ,,Rel [$qual]] J 
save [ 'mkind ] 

I* Some qualities to act on indices */ 
mps [$ind] : : Smp [expon [$ind ] J [3]=0 
conserve [$ind] : : Smp [expon [$ind ] J [5] =0 
both [$ind ] : : mps [$ind ] & conserve [$ind] 

ranpoly [$name,$qual , $n] : : rnkpol [$name,pick[mkind[$qual ] ,$n ] ] 
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Table C.S Package PB 

/* Expression contains only constants (literal or 
declared symbolic) */ 

cons tp [$expr] : : Ap [And, Map [P [_$a [Const ] =l], Cont [$expr]]] 

/* Expression contains only constants or canonical variables */ 
evalbl [$expr] : : 

Ap[And,Map[P[_$a[Const ]=l l_$a[ 'canvbl]=l], Cont[$expr]]] 

/* Non-null arguments */ 
nna [$$r] : : P [$$r=Null] 

pb_:Ldist 
pb_:Tier 

/* Fundamental Poisson Brackets */ 
Inner[Set[cvnum[$a],$bl,canvbl, Ar[psd ]l 
pb: Tier(Ar[ canvbl , canvbl ,J[cvnum[$al,cvnum[$bllll 
pb[$f,$fl :0 

/* Constants */ 
pb [$$r,$c_=constp [$cl ,$$u] : 0 

/* How to interpret quotients */ 
pb[$$r,$f/$g,$$sl :: Rel[pb[$$r,'$g -l $f,$$s]] 

/* Derivation property */ 
pb[$$r,$f, $g $$t =nna[$$tll :: 

pb[$$r,pb[$f,$$t] $gl + pb[$$r ,pb[$f,$gl $$tl 
pb [$$r, $f $$t =nna [$$t], $$u =nna [$$u ]] : : 

pb[$$r,$$t pb[$f,$$ulT + pb [$$r,$f pb[$$t,$$ull 
pb[$f $n,$g] :: $n $f ($n-l) pb[$f,$g ] 
pb[$f,$g $nl :: $n $g ($n-l) pb[$f,$g ] 

/* Linearity */ 
pb[$$r,$f+$$t,$$ul :: pb [$$r, $f,$$u l + pb[$$r,$$t,$$u] 

/* Unflatten pb chain if it's calculable. */ 
pb[$$r,pb[$f,$$sl] :: pb[$$r,$f,$$s l 
pb [$$r, $f =evalbl [$f], $g =evalbl [$g J] : : pb [$$r, pb [$f ,$g]] 
pb [$f_=P [ $f [Mgenl =l l l :: $f 

/* Null pb is just argument*/ 
pb [,$fl:: $f 
pb[$$r,] :: pb[$$rl 
pb[$f,] :: $f 

/* Identity Lie operator */ 
iden [$obj l : : $obj 

/* Colonize */ 
colon[Extr,Multl :concat 

;olon[$f,$obj] :: 'pb[$f,$obj] 
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I* Is the object a Lie operator? */ 
lo[$£] :: P[Len[$f]=l & Ind[$f,1]=$obj] 

/* Concatenate maps */ 
concat :Tier 
concat[$f =lo [$f] ,$g =lo [$g]] : : Rel [Ldist [$f [$g]]] 
concat [$f-:-$g, $$r =nna [$$r]] : : concat [$f, concat [$g, $$r]] 

Sxset [" ... ,concat-:-4,2] 

/* Raise them to powers */ 
/* <XMSet */ 
liepow :Tier 
liepow[$f =lo[$£] ,OJ : iden 
liepow [$f-=lo [$f], 1] : : $f 
liepow[$f-=lo[$f],$n =Natp[$n]& $n)l] 
save ['lie pow] -
Sxset [". ",liepow,3,1] 

concat[$f,liepow[$f,$n-l]] 

/* Add maps */ 
li e plus :Tier 
lieplus[$f =evalbl[$f],$g =lo[$g]] :: Rel[$£ iden + $g] 
lieplus [$£-=lo [$f], $g =evalbl [$g]] : : Rel [$g iden + $f] 
lieplus[$£-=lo[$f],$g-=lo[$g]] :: Rel[$£+ $g] 
lieplus [$f-:-$g, $$r_=nna [$$r]] : : lieplus [$f ,lieplus [$g ,$$r]] 
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Table C.6 Package LIE 

/* Allow or disallow use of a function on a Lie operator */ 
/* SMP bug: don't 'disallow' or look at properties of a system function 

once it's been used with a Lie operator (causes crash). */ 
allow[$fun,$nterms] :: (Lcl[%dum,%1iex]; _ 

%1iex:S[As[S[Dis[Ax[Ps[$fun[%dum],%dum,O,$nterms]],Inf], _ 
'Pow->'liepow, 'Mult->'concat,'Plus->'lieplus],Inf],%dum->$c]; 
Ap[Setd, '$fun[$c =lo[$c]],%liex ]; $fun:Rel[Rel[$fun]]; 
If [Valp [ $fun], $fun [hold]: $fun; $fun [Ldist]:] ) 

disallow[$fun]-:: (If[Valp[ $fun]-:- $fun:-$fun[hold]]; 
$fun[$c_=lo[$c]]: ) - - -
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Appendix D. Index Numbers for Monomial Coefficients Used by Marylie 

Index Exponents of Variables 
X px y PY t pt 

1 1 0 0 0 0 0 X 

2 0 l 0 0 0 0 px 
3 0 0 l 0 0 0 y 
4 0 0 0 l 0 0 PY 
5 0 0 0 0 1 0 t 

6 0 0 0 0 0 1 pt 
7 2 0 0 0 0 0 X X 

8 1 1 0 0 0 0 X px 
9 1 0 1 0 0 0 X y 

10 1 0 0 1 0 0 X PY 

11 1 0 0 0 1 0 X t 
12 1 0 0 0 0 1 X pt 
13 0 2 0 0 0 0 px px 
14 0 1 1 0 0 0 px y 
15 0 1 0 1 0 0 px PY 

16 0 1 0 0 1 0 px t 
17 0 1 0 0 0 1 px pt 
18 0 0 2 0 0 0 y y 
19 0 0 1 1 0 0 y PY 
20 0 0 1 0 1 0 y t 

21 0 0 l 0 0 1 y pt 
22 0 0 0 2 0 0 PY PY 
23 0 0 0 1 1 0 PY t 
24 0 0 0 1 0 1 PY pt 
25 0 0 0 0 2 0 t t 

26 0 0 0 0 1 1 t pt 
27 0 0 0 0 0 2 pt pt 
28 3 0 0 0 0 0 X X X 

29 2 1 0 0 0 0 X X px 
30 2 0 1 0 0 0 X X y 

31 2 0 0 1 0 0 X X PY 
32 2 0 0 0 1 0 X X t 
33 2 0 0 0 0 1 X X pt 
34 1 2 0 0 0 0 X px px 
35 1 1 1 0 0 0 X px y 

36 1 1 0 1 0 0 X px PY 
37 1 1 0 0 1 0 X px t 
38 1 1 0 0 0 1 X px pt 
39 l 0 2 0 0 0 X y y 
40 1 0 1 1 0 0 X y PY 
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Index Exponents of Variables 
X px y PY t pt 

41 1 0 1 0 1 0 X y t 
42 1 0 1 0 0 1 X y pt 
43 1 0 0 2 0 0 X PY PY 
44 1 0 0 1 1 0 X PY t 
45 1 0 0 1 0 1 X PY pt 

46 1 0 0 0 2 0 X t t 
47 1 0 0 0 1 1 X t pt 
48 1 0 0 0 0 2 X pt pt 
49 0 3 0 0 0 0 px px px 
50 0 2 1 0 0 0 px px y 

51 0 2 0 1 0 0 px px PY 
52 0 2 0 0 1 0 px px t 
53 0 2 0 0 0 1 px px pt 
54 0 1 2 0 0 0 px y y 
55 0 1 1 1 0 0 px y PY 

56 0 1 1 0 1 0 px y t 
57 0 1 1 0 0 1 px y pt 
58 0 1 0 2 0 0 px PY PY 
59 0 1 0 1 1 0 px PY t 
60 0 1 0 1 0 1 px PY pt 

61 0 1 0 0 2 0 px t t 
62 0 1 0 0 1 1 px t pt 
63 0 1 0 0 0 2 px pt pt 
64 0 0 3 0 0 0 y y y 
65 0 0 2 1 0 0 y y PY 

66 0 0 2 0 1 0 y y t 
67 0 0 2 0 0 1 y y pt 
68 0 0 1 2 0 0 y PY PY 
69 0 0 1 1 1 0 y PY t 
70 0 0 1 1 0 1 y PY pt 

71 0 0 1 0 2 0 y t t 
72 0 0 1 0 1 1 y t pt 
73 0 0 1 0 0 2 y pt pt 
74 0 0 0 3 0 0 PY PY PY 
75 0 0 0 2 1 0 PY PY t 

76 0 0 0 2 0 1 PY PY pt 
77 0 0 0 1 2 0 PY t t 
78 0 0 0 1 1 1 PY t pt 
79 0 0 0 1 0 2 PY pt pt 
80 0 0 0 0 3 0 t t t 
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Index Exponents of Variables 
X px y PY t pt 

81 0 0 0 0 2 1 t t pt 
82 0 0 0 0 1 2 t pt pt 
83 0 0 0 0 0 3 pt pt pt 
84 4 0 0 0 0 0 X X X X 

85 3 1 0 0 0 0 X X X px 

86 3 0 1 0 0 0 X X X y 
87 3 0 0 1 0 0 X X X PY 
88 3 0 0 0 1 0 X X X t 
89 3 0 0 0 0 1 X X X pt 
90 2 2 0 0 0 0 X X px px 

91 2 1 1 0 0 0 X X px y 
92 2 1 0 1 0 0 X X px PY 
93 2 1 0 0 1 0 X X px t 
94 2 1 0 0 0 1 X X px pt 
95 2 0 2 0 0 0 X X y y 

96 2 0 1 1 0 0 X X y PY 
97 2 0 1 0 1 0 X X y t 
98 2 0 1 0 0 1 X X y pt 
99 2 0 0 2 0 0 X X PY PY 

100 2 0 0 1 1 0 X X PY t 

101 2 0 0 1 0 1 X X PY pt 
102 2 0 0 0 2 0 X X t t 
103 2 0 0 0 1 1 X X t pt 
104 2 0 0 0 0 2 X X pt pt 
105 1 3 0 0 0 0 X px px px 

106 1 2 1 0 0 0 X px px y 
107 1 2 0 1 0 0 X px px PY 
108 1 2 0 0 1 0 X px px t 
109 1 2 0 0 0 1 X px px pt 
110 1 1 2 0 0 0 X px y y 

111 1 1 1 1 0 0 X px y PY 
112 1 1 1 0 1 0 X px y t 
113 1 1 1 0 0 1 X px y pt 
114 1 1 0 2 0 0 X px PY PY 
115 1 1 0 1 1 0 X px PY t 

116 1 1 0 1 0 1 X px PY pt 
117 1 1 0 0 2 0 X px t t 
118 1 1 0 0 1 1 X px t pt 
119 1 1 0 0 0 2 X px pt pt 
120 1 0 3 0 0 0 X y y y 
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Index Exponents of Variables 
X px y PY t pt 

121 1 0 2 1 0 0 X y y PY 
122 1 0 2 0 1 0 X y y t 
123 1 0 2 0 0 1 X y y pt 
124 1 0 1 2 0 0 X y PY PY 
125 1 0 l 1 1 0 X y PY t 

126 1 0 1 1 0 1 X y PY pt 
127 1 0 1 0 2 0 X y t t 
128 1 0 1 0 1 1 X y t pt 
129 1 0 1 0 0 2 X y pt pt 
130 1 0 0 3 0 0 X PY PY PY 

131 1 0 0 2 1 0 X PY PY t 
132 1 0 0 2 0 1 X PY PY pt 
133 1 0 0 1 2 0 X PY t t 
134 1 0 0 1 1 1 X PY t pt 
135 1 0 0 1 0 2 X PY pt pt 

136 1 0 0 0 3 0 X t t t 
137 1 0 0 0 2 1 X t t pt 
138 1 0 0 0 1 2 X t pt pt 
139 1 0 0 0 0 3 X pt pt pt 
140 0 4 0 0 0 0 px px px px 

141 0 3 1 0 0 0 px px px y 

142 0 3 0 1 0 0 px px px PY 
143 0 3 0 0 1 0 px px px t 
144 0 3 0 0 0 1 px px px pt 
145 0 2 2 0 0 0 px px y y 

146 0 2 1 1 0 0 px px y PY 
147 0 2 1 0 1 0 px px y t 
148 0 2 1 0 0 1 px px y pt 
149 0 2 0 2 0 0 px px PY PY 
150 0 2 0 1 1 0 px px PY t 

151 0 2 0 1 0 1 px px PY pt 
152 0 2 0 0 2 0 px px t t 
153 0 2 0 0 1 1 px px t pt 
154 0 2 0 0 0 2 px px pt pt 
155 0 1 3 0 0 0 px y y y 

156 0 1 2 1 0 0 px y y PY 
157 0 1 2 0 1 0 px y y t 
158 0 1 2 0 0 1 px y y pt 
159 0 1 1 2 0 0 px y PY PY 
160 0 1 1 1 1 0 px y PY t 
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Index Exponents of Variables 
X px y PY t pt 

161 0 1 1 1 0 1 px y PY pt 
162 0 1 1 0 2 0 px y t t 
163 0 1 1 0 1 1 px y t pt 
164 0 1 1 0 0 2 px y pt pt 
165 0 1 0 3 0 0 px PY PY PY 

166 0 1 0 2 1 0 px PY PY t 
167 0 1 0 2 0 1 px PY PY pt 
168 0 1 0 1 2 0 px py t t 
169 0 1 0 1 1 1 px PY t pt 
170 0 1 0 1 0 2 px PY pt pt 

171 0 1 0 0 3 0 px t t t 
172 0 1 0 0 2 1 px t t pt 
173 0 1 0 0 1 2 px t pt pt 
174 0 1 0 0 0 3 px pt pt pt 
175 0 0 4 0 0 0 y y y y 

176 0 0 3 1 0 0 y y y PY 
177 0 0 3 0 1 0 y y y t 
178 0 0 3 0 0 1 y y y pt 
179 0 0 2 2 0 0 y y PY PY 
180 0 0 2 1 1 0 y y PY t 

181 0 0 2 1 0 1 y y PY pt 
182 0 0 2 0 2 0 y y t t 
183 0 0 2 0 1 1 y y t pt 
184 0 0 2 0 0 2 y y pt pt 
185 0 0 1 3 0 0 y PY PY PY 

186 0 0 1 2 1 0 y PY PY t 
187 0 0 1 2 0 1 y PY PY pt 
188 0 0 1 1 2 0 y PY t t 
189 0 0 1 1 1 1 y PY t pt 
190 0 0 1 1 0 2 y PY pt pt 

191 0 0 1 0 3 0 y t t t 
192 0 0 1 0 2 1 y t t pt 
193 0 0 1 0 1 2 y t pt pt 
194 0 0 1 0 0 3 y pt pt pt 
195 0 0 0 4 0 0 PY PY PY PY 

196 0 0 0 3 1 0 PY PY PY t 
197 0 0 0 3 0 1 PY PY PY pt 
198 0 0 0 2 2 0 PY PY t t 
199 0 0 0 2 1 1 PY PY t pt 
200 0 0 0 2 0 2 PY PY pt pt 
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Index Exponents of Variables 
X px y PY t pt 

201 0 0 0 1 3 0 PY t t t 
202 0 0 0 1 2 1 PY t t pt 
203 0 0 0 1 1 2 PY t pt pt 
204 0 0 0 1 0 3 PY pt pt pt 
205 0 0 0 0 4 0 t t t t 

206 0 0 0 0 3 1 t t t pt 
207 0 0 0 0 2 2 t t pt pt 
208 0 0 0 0 1 3 t pt pt pt 
209 0 0 0 0 0 4 pt pt pt pt 
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